INTRODUCTION
Sheep and goat diseases represent a major limiting factor in the small ruminant industry in many developing countries including Egypt. Neonatal diarrhea is one of the leading health problems affecting sheep and goats worldwide that usually associated with severe economic losses. Diarrhea is a common symptom in neonatal lambs and goat kids that responsible for nearly 46% of the lambs and goat kid's mortalities (Motteib et al. 1992; Schoenian 2012 ). The disease had many forms ranged from acute to sub-acute. The acute form is characterized by dehydration and death while in the case of sub-acute form the symptoms vary from malnutrition to emaciation and this may last several days. The bacterial induced neonatal diarrhea is the foremost type in comparison with viral and parasitic type (Roy et al. 1985) . There are many enteropathogens associated with neonatal diarrhea amongst E. coli is the most well-known in many geographical areas (Schoenian 2012) .
E. coli is considered the principal causative agent of neonatal lambs and goat kid's diarrhea and the isolation of several serotypes has been revealed in many studies (Ramaswamy et al. 1992) . The infection with E. coli mostly occurs in lambs aged less than 10 days with variable severity according to the strain implicated (Roy et al. 1985) , and the fate of the infection is usually related to the cruelty of the affection (Sirvasta and Sharma 1983) .
Ruminants in particular cattle, sheep, and goats are the core reservoir of shiga toxin producing E. coli (STEC), but several can produce diarrhea in calves (Mohammad et al. 1985) . The pathogenicity and severity of STEC-induced infection in animals is primarily controlled by lots of gene arrays located in the locus of enterocyte effacement, the pathogenicity island amongst Stx1, Stx2 and eaeA genes. Shiga-like toxin (Stx1 and Stx2 and their variants) which encoded by Stx1 and Stx2 genes, with the eaeA genes which encodes for the production of the intimin protein that crucial in the intimate adhesion of bacteria to enterocytes and production of attaching and effacing (AE) lesion (Paton and Paton 1998a) . While, Enteropathogenic E. coli is the group of E. coli that lack of Stx1, Stx2 genes and have only eae A gene and capable of producing AE lesion on the intestine, these strains can cause diarrhea in human and many animal species (Cid et al. 2001; Mainil 1999) .
Salmonella enterica is a facultative intracellular pathogen capable of causing disease in a broad range of host species (Kaiser et al. 2000) . The infection with Salmonella can occur at any age with more severity observed in neonatal comparing with adult sheep and goat. Regarding the prevalence of mixed bacterial infection and their role in neonatal lambs and kid's diarrhea, there are many studies conducted Ramaswamy et al., recovered E. coli, Klebsiella spp and Proteus spp from clinical cases of enteritis in kids and goat (Ramaswamy et al. 1992) . In addition, Abd El-aty et al., has recovered E. coli, Klebsiella spp, Citrobacter spp, and Staph. aureus (Abd El-aty et al. 2001) . Staphylococcus Gram-positive, non-motile cocci, and often found in grape-like clusters. Staphylococcus have the ability to colonize many animal species and can transmit from one species to another, including from humans to animals and vice versa (Kuehnert et al. 2006) .
Pneumonia is another multifactorial health problem affecting sheep and goats worldwide (Mohammed 2011) , and usually ended with reduced productivity and in many cases death of diseased animals. Pneumonia is a disease of 37% to 70% prevalence rate and it is outbreaks may occasionally produce mortality rate up to 15%. Many bacterial agents are incriminated as etiological agents of respiratory problems in sheep and goat, in particular, E. coli; S. aureus, Streptococcus pneumonia, Pseudomonas aeruginosa and Pasteurella spp (Elsify 2007 ).
Antimicrobial therapy is considered as an important tool for treating bacterial infections in both humans and animals. Therefore, the optimal choice of the effective antibiotic results in minimizing morbidity and mortality rates associated with such pathogens (Travers and Barza 2002) . Consequently, monitoring of bacterial pathogens such as E. coli, Salmonella, and S. aureus for antimicrobial resistance may afford valuable in sequence for the manage and treatment of infections. Therefore, the conduct of antibiogram testing is decisive to prove susceptibility to choose the proper antimicrobial agents, or to distinguish resistance in individual bacterial isolates (Jorgensen and Ferraro 2009) .
The calf diarrhea is one the most extensively studied topic , however, only a few studies have been conducted to elucidate the bacterial causes of enteritis in lambs and goat kids (Nasr et al. 2014; Smith and Sherman 1994) . Thus, this study was undertaken to estimate the prevalence of different pathogens involved in pneumo-enteritis in young lambs and goat kids in three Egyptian Governorates in particular E. coli. Furthermore, the prevalence of Stx1 and eaeA virulence encoding genes was assessed in confirmed E. coli serovares. Moreover, the antibiotic sensitivity testing was carried out for proper selection of antibiotic in order to lessen the economic losses associated with such infection.
MATERIAL AND METHODS

Samples:
A total 248 nasal and rectal swabs were collected from three governorates (Minufyia, Kafr Elsheikh and Behira).
2.2.Bacteriological examination of nasal and rectal swabs:
Nasal and rectal swabs were collected by means of sterile cotton swabs from 248 living diseased and apparently healthy lambs, goat kids, sheep, and goats. Swabs were transported to the laboratory within 2 hrs. The samples were then cultured in a nutrient broth for 12 hrs at 37°C. Isolation of the samples was carried out on specific culture media according to (Cruickshanak et al. 1975; Koneman et al. 1988) . Briefly, for isolation of E. coli a loopful of each sample was spread on MacConkey , s agar and Eosin Methylene Blue (EMB). Further identification of Shiga toxin producing E. coli was carried out on Sorbitol macConkey agar. While in the case of Staphylococcus aureus samples were cultured on mannitol salt agar and blood agar. The further identification of pure characteristic colonies based on the morphological characters and the biochemical activities according to (Holt et al. 1994; Quinn et al. 2002) .
Bacteriological examination of tissue samples
Tissue samples were collected from organs showing gross lesions mainly from lung and liver of diseased dead (12 samples) as well as from slaughtered lambs and goat kids (7 samples) that showing signs of diarrhea and pneumonia. Samples were collected separately in a sterile plastic bag and transported to the laboratory in an ice tank within two hours of collection and kept at -20 º C for further examination. The surface of tissues was sterilized using a hot spatula and an incision made using sterile scalpel then loop full of internal tissue were inoculated on the above-mentioned media with the same procedure of isolation and identification.
2.4.Serological classification of E. coli isolates
A freshly prepared bacterial growth of confirmed E. coli colonies was suspended in 3 ml sterile saline solution and heated in boiling water bath for one hour. Then, centrifuged at 900 rpm for 10 min, then the sediment resuspended in 5 ml sterile saline solution and used as O antigen. The full identification of E. coli serotypes was carried out using polyvalent and monovalent O antisera according to (Edwards and Ewing 1972) .
2.5.Isolation of the DNA and PCR procedures
One milliliter of freshly prepared E. coli broth was transferred to a microcentrifuge tube with a capacity of 1.5 ml. The cell suspension was centrifuged for 10 min at 14,000 × g. The pellet was resuspended in 300 µl of DNase-RNase-free distilled water and centrifuged at 14,000 × g for 5 min. The supernatant was carefully discarded and the pellet was resuspended in 200 µl of DNase-RNase-free distilled water, incubated for 15 min at 100 °C and immediately chilled on ice, then centrifuged for 5 min at 14,000 × g at 4 °C. An aliquot of 5 µl of the supernatant was used as the template DNA in the PCR (De Medici et al. 2003) . The reaction was carried out in 50 µl final reaction volume (25 µl Master mix, 2 µl of each primer (table 1), 5 µl template DNA and up to 50 µl Rnase free water). The reaction mix was subjected to the following condition in thermal cycler, 4 min at 94 º C, 35 cycles of 1 minute at 94 º C (denaturation), 1 minute at 60 º C (annealing), and 2 min at 72
with a final cycle of 8 min at 72 º C (final extension), followed by a hold at 4 º C. PCR products obtained were subjected to horizontal gel electrophoresis in 1.5% agarose, and the size of the amplicon was determined by comparison with DNA marker.
2.6.Antibiotic susceptibility test
The antibiotic susceptibility of the pathogens was tested using Kirby-Bauer disk diffusion method on Mueller-Hinton agar (Jorgensen et al. 1997) . Briefly, the overnight broth culture of collected swabs was adjusted to obtain approximately 1x10 8 CFU/ml. 100 µl was spread eventually on MuellerHinton agar plates. The plates were then left to dry for 15 minutes at 37 º C. The antibiotic discs (table 2) were then dispensed and the plates were incubated for 24-48 hrs at 37 º C. The diameters of clear zones around each disk were determined and then interpreted according to the guidelines of the Clinical Laboratory Standards Institute for antimicrobial susceptibility testing (CLSI 2014) . The antibiotics used were Amikacin AK 30, Ampicillin/sulbactam SAM 30, Amoxicillin AX 25, Amoxicillin/Clavulinic AMC 2, Cefotaxime CTX 30, Ciprofloxacin CIP , Doxycycline DO40, Erythromycin E 30, Gentamycin CN30, Impenem IPM 10, Levofloxacin LEV 5, Nalidixic NA 30, Norfloxacin NOR 10, Ofloxacin OFX 5, Penicillin P 10, Rifamycin RIF 30, Streptomycin S 25, Tobramycin TOP 30. If the isolate showed a resistance to more than four antibiotics this considered as multidrug resistance (MDR).While, MDR index (MDRI) of individual isolates was calculated by dividing the number of antibiotics to which the isolate was resistant by the total number of antibiotics to which the isolate was exposed (Chandran et al. 2008) . Isolates with MDRI values of more than 0.2 or 20% were considered highly resistant. Table 1 . Primers oligonucleotides sequences (5-3) (Paton and Paton 1998b; Paton and Paton 1998a) . N.B. Stx primers specific for 603-857 of a subunit coding region of ST2 including ST2 variants. eaeA primer specific for 27-410 of eae which conserved between EPEC and STEC.
Item
Primer sequence (5-3) Amplicon size (bp) E .Coli Stx
Histopathological examination of tissue samples
The histopathological examination of tissue samples was carried out according to (Suvarna et al. 2013 ).
RESULTS
Results of bacteriological examination of nasal and rectal swabs:
Identification of bacterial isolates had revealed a single and mixed isolates from the nasal and rectal swabs of diseased, dead and apparently healthy animals ( (Table 3) .
Regarding the type of bacterial isolates in the case of single infection isolation, the data presented in the table (4) illustrated that infection with E. coli was the highest compared with other isolated bacteria from both nasal and rectal swabs with a percentage of 42.11% and 70.99% respectively. While in the case of Staph. aureus, the microorganism was isolated from 13.16% and 5.34% of nasal and rectal swabs respectively. The isolation of Salmonella was ranked the last with 3.95% and 3.82% of nasal and rectal swabs. On the contrary in the case of mixed infection, the mixed infection with E. coli was the highest comparing with other types in case of nasal swabs comparing with rectal swabs. The data presented in table (4) showed that mixed infection of E. coli and Staph. aureus and E. coli and Salmonella were 10.53% and 23.68% in case of nasal swabs samples comparing with 8.40% and 2.29% in case of rectal swabs respectively (Table 4) . 
.Serological identification of E. coli isolates
The data showed that only 14 serotypes were successfully grown on Sorbitol macConkey amongst 3 were un-typed and the others were O114, O103, O146, O18, O86, O8, O26, O111, O108, O78 and O148.
The prevalence of shiga toxin and Eae encoding genes
The recovered E. coli serotypes were further examined for the presence of Stx1 and eaeA virulence encoding genes using PCR. The data showed that Stx1 was produced by 42.85% (6/14) while in the case of eaeA it produced by 64.28% (9/14) of the recovered serotypes. Only the production of the two encoding genes was noticed in O103, O86 O111, O148 and one of the un-typed E .coli (table 7 and Fig. 1 ).
Susceptibility assay
The antibiotics sensitivity tests for isolated strains the results revealed that E. coli showed nearly 94.5% multidrug resistances for all the antibiotics except Impenem, while in S. aureus, only the isolates were sensitive to Tobramycin, Ofloxacin, Ciprofloxacin, Norfloxacin, Levofloxacin, Impenem, Gentamycin, Doxycycline, Ampicillin/Sulbactam with MDR index of 50%. Finally in case of Salmonella isolates, the isolates were sensitive to Amikacin, Amoxicillin, Gentamycin, Impenem, Tobramycin with MDR idex of 72.2%. The data collectively showed that all the isolates were sensitive to Impenem.
Isolate
eaeA virulence gene Stx1 virulence gene
Histopathological examination of tissues
The Histopathological examination of the tissue samples (mainly lung and liver) showed that the lung showing catarrhal bronchitis with hyperplasia of the epithelial lining as well as goblet cells, the surrounding pulmonary parenchyma suffered alveolar emphysema, peribronchial edema with mild peribronchial lymphocytic infiltration. The surrounding pulmonary parenchyma suffered alveolar emphysema and other were filled with mucous exudates, While, the histopathological examination of the liver showed granuloma and sinusoidal congestion (Figure 2 ).
Discussion
Diarrhea is a common symptom of the intestinal tract infection of neonatal lambs and goat kids with numerous accused agents including enteropathogenic bacteria such as E. coli and Salmonella (Mohammed 2011) . Enteritis is a one of the major problems that adversely affect the sheep and goat industry worldwide via either increased mortality rates of lambs and kids or via severe economic losses (reduced growth rates, antibiotic treatment cost, and weight loss).
The respiratory disease condition in sheep is classified as a multifactorial condition includes a combination of a number of aetiological agents, which can be viral, mycoplasma, bacterial, or any combination of this microorganism. Pneumonia among the inflammatory and non-inflammatory diseases is considered the most important causes of loss productivity and even death of sheep and goats (Alam et al. 2001; Ferdausi et al. 2008 ).
The neonatal calf diarrhea was the point of interest for many research articles during the last decade comparing with lambs and goat kids. Herein, the study was planned mainly to elucidate the most common bacterial causes of pneumo-enteritis in small ruminants in three Egyptian governorates (Miunfyia, Behera, and Kafr Elsheikh). In addition, further identification of some virulence encoding genes particulary Stx1 and eaeA associated with E.coli-induced enteritis was evaluated using PCR. Finally, the antibiogram testing pattern on the bacterial isolates was evaluated using commercial antibiotic discs.
The data collected from this study showed that, The highest bacterial prevalence was observed in rectal swabs 131 samples of 145 (90.34%) comparing with 76 of 107 (73.79%) in nasal swabs, and the highest percentage was observed in lambs (85.57%) and goat kids (85.19%) comparing with adult (80.41%) ( Table 1 ,2). In contrast, Naser and co-workers demonstrated that only 29% of the rectal swabs were positive for bacteriological examination (Nasr et al. 2014) . This presumably indicate that, the most susceptible age is the neotates and this is because of the immature immune system in neotaes in comparsion with adult sheep and goats.
E. coli and Salmonella is one of the most important enteropathogens associated with diarrhoea in neonatal calves (House 1978) . E. coli was isolated from 42.11% and 70.99% of nasal and rectal swabs respectively. This result is nearly the same as that obtained by Abd El-aty et al., (2001) who isolated E. coli from 69.2% of rectal samples. In contrast, Ramaswamy et al.,(1992) only isolated E. coli from 48.7% of goat and kids had enteritis. Similarly, Naser el al., (2014) only isolated E. coli from 34.20% of rectal swabs taken from enteric lambs. While, Salmonella was isolated from 3.95% and 3.82% of nasal and rectal swabs respectively. This data is lower comparing with that obtained by Naser et al., (2014) who isolated Salmonella from 5.26% of the rectal swabs samples. On the contrary, Abd El-aty et al., (2001) could not isolate any salmonellae. The isolation of Salmonella from diarrheic lambs was recovered by Meshram et al ., (2009) . Of note the lower number of isolated Salmonella herein can explain as a large number of rectal swabs are required for the higher rate of isolation, or Salmonella mainly affecting older lambs and young lambs usually died suddenly without any symptoms (Ahmed et al. 2010) . The data presented in table (4) showed Klebsiella spps were isolated from 5.26% and 7.63% of nasal and rectal swabs respectively. This result is lower than that obtained by Abd El-aty et al., (Abd El-aty et al. 2001 ) who isolated Klebsiella spp from 19.2% of rectal samples of kids had enteritis. While this result is higher than obtained by Roy et al., (1985) , and Ramaswamy et al., (Ramaswamy et al. 1992 ) who isolated Klebsiella spp from 1.1% and 2.6% of rectal and nasal samples correspondingly. Therefore, this study with the previously mentioned studies strongly encourage further studies to elucidate the precise role and pathogenicity of Klebsiella spp as a potential cause of pneumoenteritis in small ruminants. Furthermore, Staph. aureus was isolated from 13.16% and 5.26% of nasal and rectal swabs respectively. This result is lower comparing with that obtained by Ibrahim (Ibrahim 2000) and Abd El-aty et al., (Abd El-aty et al. 2001 ) who isolated S. aureus from nearly 23.0% of rectal swabs. In contrast Naser et al., (Nasr et al. 2014) could not isolate any. The data presented showed that the percentage of mixed infection in rectal swabs samples was 8.40%, this data is lower than that obtained by Naser et al., (Nasr et al. 2014) who showed that the percentage of mixed was 21% in the examined rectal swabs. The respiratory diseases represent 5.6% of all small ruminants' infections (Hindson and Winter 2002) . The disease usually affects small ruminants in individuals or groups. The respiratory diseases in small ruminants result in severe economic losses including poor weight gain, decreased meat, milk, and wool production, along with reduced number of offspring (Kumar R et al. 2000) . Pneumonia is one of the most important causes of small ruminants morbidity and mortality worldwide. The histopathological examination of the lung of diead diseased sheep revealed the presence of catarrhal bronchopneumonia and alveolar emphysema. This is conisistent with the finding of Oruc (ORUC 2006) , who showed that, E. coli was isolated form lambs suffer from cattarrah pneumonia. Of note, the histological picture of pneumonia greatly differes according to many factors including the type of bacteria involved, host immune response, environmental conditions, and disease prognosis (ORUC 2006) .
Ruminants are considered the main reservoir for STEC; more than 200 serotypes of STEC were isolated from cattle (Gyles et al. 1998) while in sheep only a few studies extensively focus on STEC and EPEC (Wani et al. 2006; Zidan et al. 2014) . Although many serotypes can cause diarrhea, however, the majority were isolated from asymptomatic and healthy animals (Zschock et al. 2000) . The virulence of these serotypes was mainly controlled via production of many virulence encoding genes such as Stx and eaeA. Intimin genes which the main cause of A/E lesions on intestinal cells, are present mainly in enteropathogenic E. coli (EPEC) and less extend in some Shiga-toxinproducing E. coli (STEC) (Kaper 1996) . The data obtained showed that only 14 serotypes were successfully grown on sorbitol macConkey, amongst 3 serotypes untyped. These serotypes belonging to O114, O103, O146, O18, O86, O8, O26, O111, O108, O78 and O148. The isolation of O26 EPEC was previously shown in many studies (Wani et al. 2006; Zidan et al. 2014) with the exception that Zidan and Co-workers isolated O26 only from meat samples. Isolation of O26 serogroup was common in diarrheic lambs (Mainil et al. 1993) and calves (Orden et al. 1998) . The isolation of O8 from fecal swabs of diarrheic lambs and goats kids is consistent with the findings of (Wani et al. 2003; Wani et al. 2004 ). O8 serogroup is one of the most frequent isolated group of E. coli strains in diarrheic calves and lambs (Wani et al. 2003; Wani et al. 2004 ).
The virulence of E. coli serogroups mainly controlled via the production of virulence encoding genes, in particular, Stx1 and eaeA. The data presented in table (7) and Fig. (Mohammad et al.) showed that the production of Stx1 and eaeA genes was varied among the isolated serogroups. The production of eaeA was shown among 64.28% (9/14) of the recovered serogroups (mainly O103, O18, O86, O26, O78, O111, O148 and one of the un-typed serogroup). On the contrary, the production Stx1 was shown in only 42.85% (6/14) serogroups (mainly O103, O114, O11, O86, O118, and one of the untyped serogroups). Furthermore, the production of the two genes was detected in only observed in 5 out of 14 confirmed E. coli isolates (mainly O86, O111, O103, O148 and one of the untyped serogroup) . The result regarding the prevalence of these virulence genes in O8, O26 and O78 showed that eaeA was successfully detected in O26 and O78 serogroups. This is consistent with the result obtained by (Wani et al. 2006) . Regarding Stx1, the data obtained herein showed that none of these serogroups have Stx production encoding genes while Wani and coworkers (Wani et al. 2006) showed that Stx1 and Stx2 were successfully amplified in O8 and O78 respectively. The production of one virulence gene or many genes by each serogroup was varied according to the type of type of examined samples (Wani et al. 2003; Wani et al. 2004; Zidan et al. 2014) . O8 and O78 serogroups are belonging to enterotoxigenic E. coli (ETEC), which commonly isolated from diarrheic lambs, in India (Bandyopadhyay et al. 2011; Wani et al. 2013) . The data collectively demonstrated that a wide variation of E. coli serogroup were incremented in the incidence of diarrhea in small ruminates in Egypt. Moreover, the study herein with others prove that the production of Stx1 and eaeA is not a serogroup specific (Nguyen et al. 2011; Wani et al. 2003; Zidan et al. 2014) . Therefore, further investigations are imperative to authenticate the precise role of each serogroup and the type of virulence genes they harbor in order to understand the pathogenesis of small ruminant's diarrhea. This in turn optimistically will minimize the incidence of such infection in small ruminants and will lessen their adverse economic losses.
The neonatal lambs and goat kid's diarrhoea is a multifactorial disease and the correct etiological diagnosis is not determined in many cases (Holland 1990) . Consequently, the appropriate choice of the effective antibiotic will probably lessen the mortality rates and economic losses, therefore, the antibiotic susceptibility test was carried on the confirmed isolates in particular E. coli, S. aureus and Salmonella. The data showed that, the isoloated bacteria showed a high percentage of multidrug resistance. E. coli is the highest MDR index of 94.4% and the isolates were only sensitive to Impenem which is rarely used in veterinary medicine to control small ruminants diarrhea. While in case od S. aureus and Salmonella, the isolates showed a high degree of sensitivity to Gentamycin and Tobramycin with MDR index of 50% and 72% respectively. This in particular can explain the weak response of pneumo-enteritis to antibiotic treatment and calrify why such infections associated with high mortalities especially in neoates in Egypt (field observations). The development of the antibiotic resistance occurs when an antibiotic has lost its ability to effectively control or kill bacterial growth. Although some bacteria are naturally resistant to certain types of antibiotics, however, some may also become resistant in two main ways; either by a genetic mutation or by acquiring resistance from another bacterium. Therefore, a considerable awareness should be taken when we select the antibiotics to control diarrhea in small ruminants in Egypt.
Moreovere, practicitoners mainly veterinarians and owenrs should carry out antibiogram testing regularily, and the recommended antibiotics should be used in term of effective dose and correct time interval.
In conclusion, the data obtained in this study E. coli serogroups are the most important cause of pneumoenteritis in small ruminants in Egypt. These serogruops harbour many virulence encoding genes array and the role of these genes need further evaluation. The data also revealed that the isolated bacteria showed a high degree of multi-drug resistance. Therefore, the choice of the appropriate effective antibiotic is required and regular antibiotic sensitivity testing is the key element.
